Abstract: This paper introduces the current technology of separation and purification of α-methylnaphthalene from wash oil. On this basis, we develop a new production method of α-methylnaphthalene after many experiments. Industrial methylnaphthalene is washed twice with sulfuric acid and is distilled twice. The content of α-methylnaphthalene is higher than 95%.The yield is 64%, which is higher than current domestic production levels.
Introduction
α-Methylnaphthalene can be used to synthesize 1,4-naphthalene-dicarboxylic acid, which is the raw material of fluorescent brighteners. α-Methylnaphthalene is also used in the production of resin, which is applied in the field of engineering plastics. In addition, α-methylnaphthalene can also be used as the production of plant growth hormone, color photographic dyes, pharmaceutical intermediates. [ 
1]

The Current Technology of Separation and Purification of α-methylnaphthalene
The raw material of producing α-methylnaphthalene is industrial methylnaphthalene which comes from wash oil. It consists of a dozen ingredients, most can be separated by ordinary distillation, but β-methylnaphthalene, α -methylnaphthalene, quinoline, isoquinoline and indole are difficult to be separated by ordinary distillation. The boiling point of the components is shown in Table 1 . From Table 1 , the boiling point difference of β-methylnaphthalene, quinoline, isoquinoline and α-methylnaphthalene is small, ordinary distillation is difficult to separate them. The boiling point difference between indole and α-methylnaphthalene is large, but they can form azeotropic mixture, so it is difficult to be separated by ordinary distillation. [2] At present, there are few studies on the separation and purification of α-methylnaphthalene. The main method is distillation and pickling. At first, industrial methylnaphthalene is distilled to get β-methylnaphthalene fractions. And then, the residue is distilled to get α-methylnaphthalene fractions, which require α-methylnaphthalene＞ 85%, β-methylnaphthalene<1%, indole <10%, biphenyl <0.5%. At last, removing impurities such as indole from the α-methylnaphthalene fractions above with sulfuric acid, the α-methylnaphthalene will be more than 95%. [1] The yield of α-methylnaphthalene is low and the color is deep by this method.
We develop a new method of twice pickling and twice distillation to separate and purify α-methylnaphthalene. The method is simple and economic.
Experiment
Raw Material
Industrial methylnaphthalene from wash oil, the composition are shown in Table 2 . 
The Experimental Equipment
Efficient distillation column, φ100 × 2500, triangular spiral filler, the number of measured plate is 85.
The Experimental Procedure
Industrial methylnaphthalene is mixed by 18% sulfuric acid at room temperature, stirred for 30min, The mixture is still and stratified, The lower is quinoline base solution, the upper is industrial methylnaphthalene which has been removed the quinoline compounds. Quinoline base solution is released, 93% sulfuric acid is added to the methylnaphthalene. After stirring 60min, the mixture is still and stratified, the lower is oligomers of indole, the upper is industrial methylnaphthalene which has been removed the indole.
Quinoline base solution is used to produce quinoline and isoquinoline. The oligomers of indole are used to produce indole by washing, decomposition, vacuum distillation, crystallization, centrifugation.
Industrial methylnaphthalene which has been removed the quinoline compounds and indole is distillated in the distillation column of plate number 85, the reflux ratio is 15:1, the range of distillate temperature is between 242 ℃ and 245 ℃. The content of α-methylnaphthalene is more than 80% and the yield is 78.33%.
The α-methylnaphthalene fractions above are distillated in the same distillation column, the reflux ratio is 20:1, the range of distillate temperature is between 242.5 ℃ and 244.5 ℃. The content of α-methylnaphthalene is more than 95% and the yield is 82.71%.
Results and Discussion
The First Pickling
The purpose of first pickling is to remove the quinoline compounds.
According to several experiments, the appropriate concentration of sulfuric acid is 18%. If the concentration is too high, indole will be washed down, it is difficult to be separated from quinoline, if the concentration is too low, the density of quinoline base solution decreases, it will be difficult to stratify with industrial methylnaphthalene. Therefore, the appropriate concentration of sulfuric acid is 18%.
Molar ratio of Sulfuric acid and quinoline is 1.5:1. If the amount of sulfuric acid is too small, the quinoline compounds will not be removed cleanly, which will affect the quality of α-methylnaphthalene. If sulfuric acid is excessive, this will not only increase the consumption of acid and base, but also increase the amount of wastewater. So we select 1.5:1 as the molar ratio of sulfuric acid and quinoline by several experiments.
The first pickling can be carried out smoothly at room temperature, the reaction may complete within 20 min.
The Second Pickling
The purpose of second pickling is to remove the indole.
Experiments show only the quinoline compounds react with sulfuric acid and indole doesn't react when the concentration of sulfuric acid is less than 18%. [3] As the concentration of acid increases, the removal rate of indole increases significantly. When the concentration of sulfuric acid is more than 60%, indole is removed cleanly. The concentration of sulfuric acid on the market is generally 93%, so we select 93% sulfuric acid in the second pickling process. The molar ratio of sulfuric acid and indole is 1.3:1. If the amount of sulfuric acid is small, the indole will not be removed cleanly, which will also affect the quality of α-methylnaphthalene because of the azeotropic phenomenon between α-methylnaphthalene and indole. Excess acid will also result in waste. So we select 1.3:1 as the molar ratio of sulfuric acid and indole.
It should be noted, we can remove quinoline compounds and indole together with 93% sulfuric acid, but quinoline and indole oligomers is difficult to separate, this will result in the loss of two valuable compounds. So we conduct twice pickling with different concentration's acid to obtain quinoline, indole and α-methylnaphthalene together. The composition of industrial methylnaphthalene after twice pickling is listed in Table 3 . 
The First Distillation
Take the residual oil after removing quinoline and indole 50kg, distill, the experimental results are shown in Table 4 . It can be seen from the experimental results, the content and yield of α-methylnaphthalene are different with the different reflux ratio and distillation range. As a wide distillation range, the yield of the α-methylnaphthalene will increase, but the content will decline. When the distillation range is narrow, the result is opposite. When reflux ratio is too small, the producing speed increases and energy consumption reduces, but the content and yield are not very good; when the reflux ratio is too large, the content and yield of α-methylnaphthalene are good, but the production efficiency is low and energy consumption becomes large. In industrial production, we should comprehensively consider these factors, choose appropriate reflux ratio and distillation range. According to the above results, we select the reflux ratio of 15:1, distillation range of 242℃ ~ 245℃. Thus, we can get the α-methylnaphthalene fractions, its content is greater than 80% and its yield is up to 78.33%.
The Second Distillation
Take the seventh fractions above 10kg, distill, the experimental results are shown in Table 5 . According to the above results, we select the reflux ratio of 20:1, distillation range of 242.5℃ ~ 244.5℃. Thus, we can get the α-methylnaphthalene products, its content is greater than 95% and its yield is up to 82.71%. The total yield of α-methylnaphthalene is 64.79%, which is higher than current domestic production levels.
Conclusion
5.1 First, industrial methylnaphthalene from wash oil is washed with 18% sulfuric acid to remove the quinoline compounds; then, it is washed with 93% sulfuric acid to remove the indole; third, industrial methylnaphthalene of removing quinoline compounds and indole is distilled firstly to get more than 80% α-methylnaphthalene fractions; finally, 95% α-methylnaphthalene is obtained by the second distillation. The total yield of α-methylnaphthalene is more than 64%. This process is simple and economic, it has certain guiding significance for industrial production.
5.2 Quinoline base solution may be used to produce quinoline and isoquinoline. Oligomers of indole may be used to produce indole. This enables resources to be used effectively.
